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The following experiments  were stimulated  by our interest  in  the 
subject  of  "allergic  irritability"  (1)  and  in  the  work  of  Burky  (2) 
who  observed  that  weakly  antigenic  substances,  for  example,  beef 
lens and ragweed pollen, provoked in rabbits marked antibody forma- 
tion and  hypersensitiveness when combined with staphylotoxin pro- 
duced by growing staphylococci in broth containing the weak antigen. 
He  hypothesized  that  this  was  due  to  the  conjugation,  in  vitro,  of 
the  poor  antigen  with  the  powerful  antigenic  toxin.  Of particular 
interest  was the marked  sensitivity of rabbits  to  simple mechanical 
trauma  after several injections of rabbit muscle toxin.  Because we 
had observed comparable phenomena in rabbits treated in other ways 
we felt that  the  hyperreactivity  might  be due  to  factors  arising  in 
the  animal's  body  rather  than  to  those  occurring  simply  in  vitro. 
The  present  communication  deals with tests of this  hypothesis. 
EXPERIMENTAL 
The  experiments,  in  general,  were arranged  to permit  comparison 
of groups of animals injected in different ways with the two antigenic 
substances. 
The rabbits  were adults,  of either  an English-lilac-Havana hybrid stock, or 
pure Havanas, strains  usually quite resistant  to spontaneous infection.  In any 
given experiment a single variety was employed, and usually animals were of the 
same sex.  Only those with large areas of good skin were selected; the hair was 
removed with a fine mechanical clipper; and  care was taken  not to inject sites 
* Presented,  in part,  April 17,  1935, at the Twenty-Second Annual Meeting 
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where  coarse hair  rapidly regrew,  for  Burky  (3)  has  shown  that  skin  bearing 
such a  coat reacts differently to staphylotoxin than does that remaining hairless 
long after depilation. 
The accessory substance used to induce reactions was staphylotoxin, made by 
growing  Staphylococcus  aureus,  strain  Ha, 1 for  10  days  in  beef  heart  infusion 
broth containing 1 per cent neopeptone and 0.5 per cent NaCI, reaction pH 7.8; 
to this 0.2 per cent dextrose was added several days before inoculation.  In this 
medium the cocci grew readily, often in the form of a film on the surface of the 
broth and in a  heavy sediment.  The flasks containing the growing cocci were 
capped with lead foil held tightly in place with rubber bands, a  procedure that 
probably induced partial anaerobiosis.  Mter  10 days' incubation at  37°C.  the 
supernatant  clear  medium  resulting  from  centrifugation  was  pipetted  into  a 
sterile flask; 50  cc. of this was passed through a  No. V Berkefeld filter and dis- 
carded; the remainder was mixed with tricresol to make a  final concentration of 
0.5  per cent and  filtered through  the same filter.  It was stored cold in small 
fractions  which  were  placed  in  a  number  of  pyrex  glass  tubes,  plugged  with 
cotton and capped with lead foil.  Such toxin retained its original potency for 
at least 12 months.  It is not improbable that, because of the long incubation, 
this toxin contained considerable toxoid.  Subsequent  comparison with a  toxin 
prepared in  semisolid agar according to  Dolman's  technique  (4)  showed  it  to 
have about one-sixteenth of the dermonecrotizing capacity of the latter. 
Toxin thus prepared from one particular lot of broth was quite powerful, and 
when injected intracutaneously in doses of 0.01 cc. induced in most rabbits necrotic 
areas  10  to  15  ram.  in diameter surrounded by red edematous rings; in many 
animals 0.005  cc. was sufficient to cause necrotic lesions 8 to 10 nun. in diameter. 
Several rabbits receiving 0.1  cc. intracutaneously for the first injection died after 
24  to  48  hours,  and  postmortem  showed  distended  intestines,  with  numerous 
hemorrhages,  and  fatty  degeneration  of  the  liver  and  other  parenchymatous 
viscera.  An equivalent dose intravenously led to a  higher proportion of deaths. 
Other lots of medium produced less potent toxin, and doses five to ten times as 
large were necessary to induce the effects described; but throughout these experi- 
ments only the strongest toxin was used. 
Lens toxin, so called, was made in two ways:  (a)  Lenses removed aseptically 
from fresh beef eyes were placed in individual, large, foil-capped tubes each con- 
taining 20 cc. of the broth above described.  Mter 4 days' incubation to insure 
sterility they were inoculated with staphylococcus strain Ha and incubated for 
10 days at 37°C.  A very heavy growth resulted.  The medium was restored to 
original volume with broth,  then  centrifuged to  clearness, tricresolized, filtered 
and stored in the same manner as the simple toxin broth.  (b)  Fresh beef lenses 
were placed in individual tubes, frozen in a  dry ice-alcohol mixture, and dried 
in  vacuo  over phosphorus pentoxide.  On  the average, the resulting desiccated 
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lens weighed 0.7 gm.  It was ground to a  fine powder with a  sterile glass rod; 
20  cc.  of satisfactory broth  was added; the medium  was incubated 4  days to 
insure sterility, then was inoculated and treated in the same manner as the whole 
lens toxin. 
Lens extracts were likewise prepared in two ways. 
1.  Extracted with Ammonium Hydrate as Recommended by Burky  (2).--Fresh 
lenses were minced finely with scissors, then ground with sterile alundum, emulsi- 
fied with N/100 ammonium hydrate containing 0.5 per cent tricresol and faltered 
through a  No. V  Berkefeld falter.  The filtrate was adjusted with sterile normal 
saline solution so that  it contained 2  per cent protein, then  was stored in the 
refrigerator in a  number of tubes. 
2.  Ringer's  Solution  Extracts  of Frozen  and  Dried  Lenses.--Lens  extracts  in 
ammonium hydroxide solution soon became turbid and induced increasingly larger 
lesions in  the  skins  of  normal  rabbits.  Because  bacterial contamination  was 
excluded, it appeared probable that  the lens substance in this form of extract 
was subject to  continuous autolysis effected by the enzymes which have been 
demonstrated therein.  It therefore seemed obvious that such extracts would not 
be uniform because their properties varied with age, and hence their use would 
render valueless comparative observations made over a period of time.  In order 
to  obviate these objections the  following method  was  used  in  all experiments 
except the first.  Beef and rabbit eyes were secured soon after the animals were 
slaughtered; the muscles were removed and the sdera and cornea were covered 
with tincture of iodine, washed with alcohol and dried with ether.  A transverse 
incision was made in the cornea with a  sterile safety razor, and the lenses were 
"popped" into sterile tubes, and immediately frozen with CO2 ice.  After being 
dried in vacuo over phosphorous pentoxide while still frozen (5)  the tubes were 
quickly stoppered with melted sealing wax.  In this dried form the lenses could 
be kept for months without undergoing any autolytic disintegration.  For pre- 
paring an extract a  dried lens was ground to a  fine powder in a  sterile mortar, 
and then dissolved in Ringer's solution by slowly adding the solvent in much the 
same manner as when  starch is put in solution.  With ten volumes of solvent, 
computing the water equivalent of weight of the dried lens as one volume, at 
least 90 per cent of the lens dissolved.  2  It was centrifuged 10 minutes at moderate 
speed, and 1 cc. quantities of the supernatant opalescent liquid were pipetted into 
a  number of tubes which were immediately frozen in CO~ ice and subsequently 
kept frozen in a  thermos jar containing this ice.  The extracts were not melted 
until just before use.  These precautions were considered necessary in order to 
prevent  autolytic changes.  That  different extracts  thus  prepared  were  fairly 
uniform in content of lens protein was shown by the quantitative similarity of 
2 On  the average a  dried beef lens weighed 0.7  gm., and a  dried rabbit lens 
0.17  gm.  The  extracts  were  considered as  10  per cent  solutions; and  0.1  cc. 
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action as precipitinogens when tested with anti-lens precipitating serum.  It is 
true that they probably contained all  the crystallins and not chiefly the alpha 
one, as do ammonium hydroxide extracts; but  this seemed desirable  where the 
sensitizing and immunizing capacity of whole lens was to be studied. 
Precipitin  Reactiotu.--The  frozen extracts, considered as 1-10 dilutions, were 
further diluted  with physiological saline solution by steps of ten,  up to a  final 
dilution of 10  -s, and 0.4 cc. of each was placed in its suitable position in a series 
of tubes, to each of which 0.2 cc. of serum was added; the tubes were well shaken, 
incubated  1 hour in the water bath at 37°C. and placed in the refrigerator over- 
night.  The intensity of the reaction in each tube was recorded by a  series of 
plus marks.  Usually all the sera obtained in a given experiment were kept cold 
and  tested  simultaneously;  but  when  this  was not  done several  sera  from the 
previous  bleeding  were  introduced  in  order  to  give  readings  of  comparative 
strength  throughout. 
Cutaneous sensitivity was tested by injecting the lens extracts or other sub- 
stances intracutaneously into the areas of skin previously clipped, still hairless, 
and  not  injected  before.  A  constant  volume  of 0.1  cc.  was  employed.  The 
length, breadth and thickness of the lesions were measured with calipers for 2 or 
more days until recession began; the color, consistency and amount of necrosis 
were also recorded. 
Ophthalmic sensitivity was tested with practically the same technique as that 
employed by Burky (2).  The rabbits were anesthetized with intravenous injec- 
tions of nembutal, 40 mg. per kilo body weight.  An assistant retracted the upper 
lid manually and pressed at the base of the lower one with a fiat, blunt, instrument. 
The eyeball was thus thrown forward and fixed without being traumatized with 
toothed forceps.  A  very sharp  No.  27  gauge needle  attached  to  a  tuberculin 
syringe was inserted through the middle of the cornea into the anterior chamber, 
and 0.1  cc. of aqueous humor was delivered into  the syringe.  The needle  was 
then advanced well into the lens, and the aqueous in the syringe was slowly in- 
jected; finally, suction was applied by pulling on the plunger of the syringe to 
insure  that  the  needle  was not  in  the  anterior  chamber;  then  the  needle  was 
quickly withdrawn.  Usually this procedure was followed by conjunctivitis lasting 
2 or more days; and occasionally there was a  line of rupture at the junction of 
the cornea and sdera  the next day.  Neither of these was considered evidence 
of specific  sensitivity.  The phaco-anaphylactic reactions,  recorded as positive, 
consisted of increasing redness and edema of the palpebral and bulbar conjunc- 
tivae, corneal haze, often with vascularization, iritis, synechiae and marked lens 
opacities.  These processes were usuaUy increasing in intensity at the time the 
initial traumatic reactions in non-sensitive animals were receding.  Occasionally 
there was a rupture of the optic globe in very sensitive animals during the period 
from the 2nd to the 4th days, probably due to high intraocular tension resulting 
from the severe inflammation.  All tested eyes were observed at least  10 days, 
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It  WaS  first  necessary to  show  that  lens  toxin  prepared  in  broth 
containing  dried  and  frozen  lens  powder  (method  2)  would  be  as 
effective in sensitizing rabbits as that used by Burky  (method  1). 
Experiment /.--Rabbits were grouped in threes; group A received 0.1 cc. of 
the  whole  lens  toxin  intracutaneously on  the  1st,  8th,  15th  and  22nd  days; 
group B received the,same doses of powdered lens toxin; group C, the same doses 
of whole lens broth without toxin, and group D, powdered lens  broth without 
toxin.  By the beginning of the 3rd week groups A and B were showing markedly 
increased cutaneous sensitivity, and the other two groups only slightly increased 
reactions.  Tested on the 29th days with lens  extract containing no toxin, the 
first two groups had large edematous cutaneous lesions with red or purple necrotic 
centers, while the controls had only moderately edematous erythematous areas 
lasting less  than 48 hours.  Both the ophthalmic sensitivity and the precipitin 
reactions were distinctly more marked in group B  than in group A, and they 
were negative in the other two groups. 
This  experiment  confirmed  Burky's  observation  concerning  the 
powerful sensitizing action of staphylotoxin lens broth, and also indi- 
cated that frozen and dried lens in broth containing toxin was even 
a  better  sensitizing reagent.  With both forms,  the  period required 
for sensitization was distinctly shorter than that reported by Burky. 
We next determined whether it was necessary to have the toxin and 
lens  conjugated  in  vitro  by  a  long  period  of  incubation,  and  also 
whether it was necessary to have the lens in the form of lens broth in 
which considerable autolysis must  have occurred during incubation. 
Experiment 2.--Three preparations of different character containing beef lens 
substance  in  approximately the  same  concentration were  given  in  five intra- 
cutaneous injections (totalling 0.4 cc. in each instance) over a period of 22 days 
to four corresponding  groups of rabbits.  The lens substance given group B was 
that present in the filtrate of a staphylococcus culture grown in lens broth, and 
was hypothetically conjugated with toxin.  Groups D and E received toxin and 
lens extract separately; and because it was found in previous experiments that 
many animals  succumbed  to larger amounts, the dose of toxin was reduced to a 
total of 0.09  cc. or less  than one-fourth of the quantity received by group B. 
The toxin appropriately diluted with normal salt solution, was injected in 0.1 cc. 
volumes intracutaneously, followed immediately by the introduction of lens ma- 
terial at the same site and in equivalent volume.  Lens substance was given to 
group D  in the form of lens broth, and to group E  as Ringer's solution extract. 
In these two groups, therefore, toxin and lens were not brought into contact out- ,g 
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side the animal's body.  Group  G received lens broth only and was introduced 
to determine the sensitizing potentiality of such lens autolysate.  The results are 
summarized in Table I. 
The results showed that toxin and lens need not be conjugated in 
vitro in order to induce marked cutaneous and ophthalmic sensitivity, 
as well as marked precipitin formation.  On the other hand, it appar- 
ently was necessary to have a  combined action of toxin and lens in 
order to  induce this high  degree of reactivity, for when toxin  was 
lacking (group G) the amount of cutaneous hypersensitivity induced 
was  slight;  there was  no ophthalmic sensitivity, and no  antibodies 
were  present  in  the  dilutions  tested.  It  is  noteworthy  that  the 
reduction in dose of toxin resulted in the development of an increased 
degree of hypersensitivity to lens substance,  although the quantity 
of  the  latter  injected  remained  constant.  This  is  not  surprising 
when the amount of focal necrosis and general intoxication following 
the two doses respectively is considered.  In the large areas of focal 
necrosis many of  the  cells,  which were in  contact with  toxin  and 
lens, were killed; hence they were unable to participate in immune 
body formation.  Marked general poisoning, moreover, would prob- 
ably leave an animal less able to respond to another antigenic stim- 
ulus.  That the response was to a lens element is indicated not only 
by the ophthalmic reactions but also by the cutaneous hypersensi- 
tivity to rabbit lens extracts, which, although less than those to beef 
lens extract, was  still  very marked.  There were also marked pre- 
cipitin reactions with rabbit lens extracts, an indication of the well 
known antigenic similarity of all mammalian lenses. 
Although the results in Experiment 2 proved that conjugation of 
the two antigens outside the rabbit's body was not necessary in order 
to exert a  marked synergic effect, the almost simultaneous injection 
of the two reagents into the same areas left open the possibility that 
such a  conjugation might have occurred in the skin.  Experiment 3 
was  devised to  determine whether sensitization  would  occur when 
conjugation in ~ivo was less probable. 
E.xperiment 3.--The staphylotoxin was the same as that previously used, but 
because the total period of treatment was a few days longer, a total quantity 
of 0.12 cc. was administered.  One treatment was given the first week, and two 
per week  the next 3.  All the animals received the same doses of both toxin and ~q 
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beef lens extract intradermaUy; the differences  consisted merely in variations in 
the mode of combining two reagents.  In group A the lens extract was given 
intradermally into the same loci immediately  after the toxin was injected; it thus 
duplicated the technique employed in group E of Experiment 2.  In groups B 
and C the same areas of skin likewise received the two substances: in group B the 
lens extract was injected 3 hours after the toxin, and in group C the interval was 
24 hours.  In group D, on the other hand, although the injections were almost 
simultaneous, the toxin was injected on the right side and the lens on the left. 
All the rabbits received a test dose of 0.1 cc. of lens extract on the first day and 
only two showed very slight reactions.  As different samples of the same frozen 
extract were used for the entire experiment it was believed that any increase in 
reactivity would indicate increased sensitivity.  The essential results are sum- 
marized in Table II. 
Although all the rabbits became more sensitive to lens, groups "C 
and  D  showed  simply  cutaneous  hyperreactivity, while  groups  A 
and B  developed ophthalmitis phaco-anaphylactica when their own 
lenses  were  traumatized.  Differences in  these  four  groups  respec- 
tively were also reflected in the intensity of formation of precipitins 
to lens extracts; reactions with beef lens extracts were only slightly 
more marked than were  those with rabbit  lens.  Because  in  other 
experiments rabbits receiving the same amounts of beef lens extract 
without synergic irritants showed both smaller cutaneous sensitivity 
and weaker precipitins than did the last two groups, it may be as- 
sumed that the toxin given to the animals in this experiment had a 
distinct influence in increasing their reactivity to lens.  Injected into 
the same loci after an interval of 3 hours, the two substances induced 
the  same high degree of  reactivity as when injected almost  simul- 
taneously.  The  fact  that  the  administration of  the  toxin  on  one 
side increased the action of the lens which was injected on the other, 
indicates that stimulating influence was probably exerted systemically 
as well as  focally. 
In order to determine whether the focal reactions were necessary to 
induce high degrees of sensitivity and immune body formation, rab- 
bits were given the toxin and lens extract intravenously at the same 
time and in practically the same doses as in Experiment 3.  Toxin 
administered intravenously proved much more depressing and lethal 
than  when  given  intracutaneously.  Nevertheless,  enough  animals 
survived to indicate that the intravenous route of administration of 712  STUDIES  IN  SYI~IE~GY 
the synergic agents led to as marked precipifin formation and ophthal- 
mic sensitivity as that shown by group A  of Experiment 3; but less 
cutaneous  sensitivity  occurred.  These  results  were  confirmed  in 
other experiments, where, again, the death of a  number of animals 
made comparative results inconclusive.  In all these  the  toxin and 
lens  extracts were mixed before being injected; hence the  criticism 
might be offered that conjugated antigens may have been presented 
to the immune body producing cells.  To answer further the question 
whether conjugation of the two  components was necessary the fol- 
lowing experiment was performed. 
Experiment 4.--Three  groups of animals were employed.  The first two re- 
ceived toxin and beef lens extract intravenously; the third received, by the same 
route, lens extract but no toxin.  Because the toxin in previous experiments had 
been so lethal in its effects the individual doses in the first 3 weeks of treatment 
were reduced; two injections were given each week for 4 weeks, with a  total 
quantity of 0.105 cc. of toxin in this period.  In group A the toxin and lens ex- 
tracts  were mixed immediately before injection.  In  group B  the  toxin was 
injected into the right aural vein and the lens extract into the left.  Considering 
the degree of dilution that must have occurred in the blood it is obvious that the 
minimum of  conjugation could have  occurred in  that  medium. All  animals 
survived the period of testing.  The results are shown in Table III. 
The synergic effect of staphylotoxin and beef lens was somewhat 
greater when they were injected separately into the veins of different 
ears than when they were mixed before injection.  This is indicated 
by a  distinctly stronger formation of precipitins by group B  on the 
15th day, and slightly stronger concentration of these antibodies on 
the  29th  day,  also  by  more  marked  cutaneous sensitivity to  both 
beef  and  rabbit  lens.  The  ophthalmic sensitivity was  comparable 
in  the  two  groups.  While  the  intravenous  injection  of  beef  lens 
extract  alone  led  to  some  degree  of  cutaneous  hypersensitivity, a 
hyperreactive state could not be demonstrated to exist in the interior 
of the eyes.  The fact that the cutaneous reactivity to beef lens was 
much more marked than to that of rabbits,  and also that the pre- 
cipitins were distinctly stronger with beef lens, suggests that part of 
this sensitivity was due to a  beef  element. 
The possibility of enhancing still further the hypersensitive state 
by increasing the dose of beef lens was next tested. ~q 
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Experiment 5.--A group of rabbits was immunized with intravenous injections 
of staphylotoxin in the same doses as in Experiment 4, group A, but mixed with 
0.5 cc. of beef lens extract instead of 0.1 cc.  As this experiment was contempo- 
raneous with Experiment 4, the latter served as a satisfactory control. 
The only essential difference observed was a  stronger formation of 
precipitins on the  15th day in all animals receiving the larger doses. 
This difference had disappeared at the end of 4 weeks, when cutaneous 
and ophthalmic sensitivity were almost identical in the two groups. 
It seems probable,  therefore, that a  dose of not more than 0.1  cc. of 
beef  lens  extract  was  optimal  for  inducing  the  maximal  hypersen- 
sitivity. 
All evidence up to this point indicated that one effect of the toxin 
was to increase in some way the reactivity of the rabbits so that when 
they  received  the  beef  lens  extract  simultaneously  they  reacted 
rapidly to this relatively weak antigen.  In order to test further the 
possibility that irritation from the toxin was the important element, 
the action of the two agents was tested in rabbits that had been made 
actively immune to toxin. 
Experiment 6.--Three rabbits received repeated doses of staphylococcal  toxin 
intracutaneously for 6 weeks.  At the beginning  of this period 0.01 cc. of toxin 
induced necrotic lesions  about  10 x  15 man. in  diameter.  At  the  end of the 
period 0.1  cc.  induced no necrotic lesions, but  there appeared in some  of the 
rabbits an evanescent erythema which  was  probably due to some material in 
the broth.  During the next 4 weeks the rabbits received a combination of toxin 
and  beef  lens  extract  intracutaneously twice  a  week.  In  numerous previous 
experiments  it had been shown that this dosage rendered normal rabbits highly 
sensitive  (see group E, Experiment 2, and group A, Experiment 3).  Table IV 
shows the results in this group. 
Table IV  indicates  clearly that  rabbits  actively immune  to  toxin 
respond in much the  same manner  to the  combination of toxin and 
beef lens as do normal rabbits to the injection of the same lens alone. 
The active anfitoxic immunity of the rabbits appeared to lower their 
responsive mechanism towards beef lens to the level of normal rabbits. 
This experiment, therefore, adds additional weight to the conception 
that  the irritating  effect of the  toxin is probably an important  ele- 
ment in heightening their response to the beef lens extract. 
While the results of Experiment 6  were apparently  so decisive, it o~ 
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was thought necessary to  test the hypothesis  further and determine 
whether the neutralization of the  toxin before it was injected would 
remove its  stimulating  synergic influence.  These  experiments were 
performed in  several  different ways.  Attempts  were  first  made  to 
neutralize the irritating action of the toxin contained in a lens broth-- 
the same preparation  that was used in group B  of Experiment 2. 
Ezpe~ment 7.--Beef lens staphylotoxin broth was mixed with equal parts of 
antistaphylotoxic serum  that  had been produced by prolonged intracutaneous 
and  intravenous  immunization  of  a  rabbit  with  simple  staphylotoxin.  This 
serum in a dose of 0.0006 cc. neutralized the necrotizing action of 0.01 cc. of toxin; 
it is,  therefore, evident that the amounts used in this experiment were ample 
to neutralize all immediate necrotizing  toxic effects of the toxin contained in the 
lens broth toxin.  The neutralized mixtures were given in the doses and intervals 
indicated in Table V, group A; and simultaneously group B  received the same 
amounts of lens toxin broth mixed with normal rabbit serum.  That the dermo- 
necrotizing action of the toxin was quite effectively neutralized was indicated by 
the failure of the group A  rabbits  to show necrotic lesions  following the  first 
three injections,  while all rabbits of group B had necrotic lesions 20 to 30 ram. 
in  diameter.  Because  the  rabbits  in  group  B  had  developed large  tracking 
edematous lesions  following the third injection, it was thought best to test the 
reactivity of both groups to 0.1  cc. of simple lens  extract solution on the  15th 
day.  Much to our surprise,  both groups had very large edematous lesions with 
purple or red centers--typical Arthus  reactions.  Because of the  intensity of 
these responses, it was considered advisable  on the 18th, 22nd and 24th days to 
reduce the dose of the lens toxin to that first used.  The total dosage and reac- 
tions as usually tested are indicated in Table V. 
A  comparison of the reactions in the two groups makes it evident 
that  the  antitoxic  serum  had  no  inhibitory  effect on  the  ultimate 
sensitizing  and  immune  body  inducing  influence  of  the  lens  toxin 
than  had  the normal rabbit  serum.  If we postulate  that  the  toxin 
and beef lens had formed an inseparable antigenic complex it might 
be possible  to  explain  the  results of the  present  experiment on  the 
supposition  that  the  antitoxin had had  no  effect upon this  complex 
except to do away with the necrotizing action, leaving it free to act 
as  an  effective synergist.  In  this  experiment,  moreover,  the  tech- 
nique employed made it necessary to inject the neutralized toxin and 
lens  substance  simultaneously,  and,  as  previously  mentioned,  the 
lens must have existed partly in the form of an autolysate, which is 
known  to exert more antigenic action than  does unautolyzed tissue. HOMER  F.  SWIFT  AND  MARK  P.  SCHULTZ  717 
Attempts  were,  therefore,  made  to  remove  some  of  these  technical 
objections. 
Experiment 8.--The toxin was the simple broth toxin that had been used in 
most of the experiments.  The antitoxic rabbit serum was  similar  to that em- 
ployed in the previous experiment, but the proportion of antitoxin to toxin was 
fivefold that previously employed; and because the toxin dosage was  reduced, 
that of the antitoxic serum was not increased.  The beef lens  was dissolved  in 
Ringer's solution, and kept frozen until just before each injection.  The toxin- 
antitoxin mixture, made up with normal saline  to a volume of 0.1 cc. per dose, 
was incubated 4 hours at 37°C., and then injected into a marked site in the skin. 
hour later the lens extract was injected into the same site.  As controls, the 
members of group B  were  injected with  the  same  doses  of toxin mixed with 
normal rabbit serum, instead of the antitoxin, and those of group C were injected 
first with the normal serum followed by lens extract into the same sites.  Group B 
was  not entirely satisfactory because one member died 2  days after the first 
injection, and the other two members succumbed  to the nembutal anesthesia on 
the 30th day.  The cutaneous and precipitin reactions of this group were, how- 
ever, satisfactory controls of group A; and we can be reasonably certain that at 
least one of them would have shown a positive ophthalmic reaction. 
The results are  in  accord with those of the  previous  experiment: 
the  antitoxin-neutralized  toxin  exerted  the  same  powerful  syner- 
gic  action  as  the  unneutralized,  even  though  it  was  injected  each 
time ~  hour  before  the  lens  extract.  It  is  noteworthy  that  the 
ultimate result was induced with a total dosage of 0.16 cc. of neutral- 
ized  toxin  and  0.5  cc.  of  10  per  cent  beef lens  extract.  Group  C 
showed  that  this  amount  of  lens  extract  injected  into sites previ- 
ously injected with normal serum had some antigenic effect, but this 
was relatively small when compared with the same antigen acting in 
a  tissue and animal under the influence of staphylotoxin. 
The fact that hypersensitivity developed when an interval elapsed 
between the time of injection of the two antigens would be an argu- 
ment against any extracellular conjugation of the lens and toxin, for 
it  appears  that  the  cells of the  tissues  would  probably  have  taken 
up most of the toxin before the lens was introduced.  A  phenomenon 
observed during the experimental procedure might possibly have had 
some  bearing  on  the  results.  The  mixture  of  toxin  and  antitoxin 
became very turbid while being incubated; and as microscopic exam- 
ination and cultures of the mixtures always failed to reveal any bac- L~ 
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teria, the turbidity was attributed to an immune precipitate)  While 
this precipitate was no longer necrotizing, it might well have retained 
its  capacity  for  stimulating  the  cells  to  heightened  immune  body 
production. 
Finally, the effect of introducing neutralized toxin into the vein of 
one ear and  the beef lens extract into  that  of the  other was tested. 
Experiment 9.--Samples of the same toxin and rabbit  antitoxic serum used 
previously were mixed in the proportions shown in Table VII and incubated 4 
hours in a total volume of 0.2 cc.  A precipitate formed similar to that previously 
noted.  This neutralized toxin was then injected intravenously in the right aural 
vein and 0.1 cc. of beef lens extract into the left.  The animals  showed no signs 
of intoxication, an  indication that  the poisonous  effect of the toxin had been 
largely eliminated.  The total dosage  and summary of the tests are shown  in 
Table VII. 
This experiment confirms the  two previous ones,  in that  the neu- 
tralized  toxin  had  the  same  synergic  stimulating  effect as  the  un- 
neutralized.  It furthermore confirms the results indicated in Experi- 
ment 3, group B, that the two agents introduced into the blood stream 
in a manner calculated to prevent intimate mixing still had the same 
effect as when  mixed in vitro  and  then  injected.  It  thus  furnished 
additional  evidence strongly  indicating  that  the  toxin  acts  through 
some mechanism in the animal's body rather than by uniting directly 
with the lens and forming a  new antigenic complex. 
DISCUSSION 
The data presented strongly suggest  that  we are  dealing with  an 
example of so called combination immunity, of which there are many 
examples in the literature. 
Among the earliest observations were those of Rosenau and Anderson  (6) with 
diphtheria toxin and horse serum antitoxin; shortly afterwards Gay and Southard 
(7) observed that when a mixture of these two substances  contained an excess 
of toxin with a  resulting larger focus of inflammation  there was  more marked 
a It was  subsequently determined that a  similar  precipitate was  formed by 
mixing  the  same  antitoxic serum  with  neopeptone broth.  The immunization 
with toxin broth had thus apparently caused the rabbits to form immune bodies 
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immune body production; and Lewis (8)  noted that guinea pigs receiving such 
unbalanced mixtures had higher degrees of anaphylaxis when tested with horse 
serum  than  did  controls receiving  completely neutralized  toxin.  Ramon's  (9) 
work, showing the possibility of enhancing the immunizing power of diphtheria 
or tetanus toxoid (anatoxin) by simultaneously injecting tapioca, calcium chloride 
or bacterial vaccines, is an example of combination immunity in which he attrib- 
utes the enhanced antigenic action  to the  focal inflammation  arising from  the 
synergic substance; and he thinks that by retarding the absorption of toxin the 
inflammation increases its immunizing capacity. 
Probably the most extensively studied  example of "combination immuniza- 
tion" is the synergic action of a so called Schlepper  with lipoidal partial antigens 
or haptens, a  subject which had been extensively reviewed by Landsteiner  (10). 
Landsteiner and Simms (11)  observed that a  purified Forssman antigen, i.e. an 
alcoholic extract of organs or ceUs, which had little if any immune body inducing 
capacity, became a very efficient  antigen when injected in combination with pig 
serum; but in order to exert this additive function it was necessary that the two 
substances be mixed in ~itro and  injected  together.  Doerr and  Hallauer  (12) 
recorded that many sera of species heterologous to that of the species of animal 
being immunized exerted a similar synergic function, as did disrupted erythrocytes 
and non-pathogenic bacteria, both living and killed.  Contaminated homologous 
sera had a  comparable effect (13).  It is perhaps of considerable import that in 
the studies of the Schlepper  effect of various sera, swine serum has been shown to 
have the most powerful action, for it is well known that this serum has the most 
toxic action of any of those commonly used in immunological studies.  Junghans 
(14)  has  shown  that  2  cc.  of pig  serum  injected  subcutaneously  into  rabbits 
induces large edematous lesions, and also that repeated injections of small doses 
of this serum intravenously into hypersensitive animals induce much more valvu- 
litis and arteritis  than Vaubel  (15)  found in rabbits treated similarly with con- 
siderably larger doses of horse serum.  Thus, the toxic properties of sera appear 
to go hand in hand with their ability to irritate mesenchymal ceils. 
There is  considerable  evidence that  inflammatory loci can  act  as  accessory 
factors to increase an animal's reactivity to antigenic agents.  Moro (16) reported 
that by injecting tuberculin into areas along with vaccine virus or pig serum the 
subjects became sensitive to subsequent injections of tuberculin; and Dienes (17) 
states that by injecting horse serum or egg white into tuberculous loci of guinea 
pigs, the animals subsequently showed tuberculin-like responses to intracutaneous 
injections of the respective soluble protein.  These animals also had much larger 
amounts of precipitins in their serum than did those treated with the horse serum 
or egg white alone.  Hanks  (18)  repeated these observations, but found that if 
the tubercle bacilli were injected into one testis and a short time later horse serum 
were injected into the other,  the guinea pigs subsequently  gave tuberculin-like 
responses to the intracutaneous  injections of horse serum.  He thus suggested, 
from his  observations,  that  the  altered  reactivity of the  animals  was  due  not 
only to the local inflammatory condition, but that a substance was possibly given 722  STUDIES  IN  SYNERGY 
off from the focus that reconditioned  the general reactivity of the animal.  It is 
well known that tubercle bacilli are rapidly carried to other parts of the body when 
injected into tissues;  hence it may be that these multiple areas first stimulated 
by the tubercle bacilli  and  then by absorbed horse serum were responsible,  in 
part, for the reconditioning.  Indeed Lewis and Loomis (19) several years earlier 
had shown  that tuberculous animals  respond more actively to other antigenic 
agents than do non-tuberculous controls, and named the altered state allergic 
irritability.  We have discussed  this important and interesting condition more 
fully elsewhere (1). 
The r61e of certain metal salts  (20, 21)  as synergic  agents in increasing  the 
output of antibodies  must also be considered in connection with the present prob- 
lem.  Schmidt's observations (22) indicate that  the action of these salts  is  to 
cause a large outpouring of preformed antibodies from the immune body forming 
cells rather than to make these cells produce more immune substance.  Glenny 
and his coworkers  (23), on the other hand, have shown  that diphtheria toxoid 
precipitated with potassium alum and other metallic precipitants (24) are more 
slowly  eliminated from the  tissues  wherein  they were  injected; and  thus  the 
toxoid acts more continuously over a longer period.  Hektoen and Welker  (25) 
have demonstrated similar prolonged antigenic action of foreign proteins adsorbed 
on aluminum hydroxide. 
One or more of the factors suggested by the foregoing incomplete 
review of related work must be considered in studying the results of 
the  combined actions  of beef lens  and  staphylotoxin,  for there  can 
be little doubt that the toxin increases the rabbit's  response to beef 
lens.  Burky's  hypothesis  that  there  has  been  an  actual  union  of 
the toxin and lens into a  new and more powerful antigenic complex 
would appear not to hold, in view of the fact that the two substances 
may be injected at different times into the same focus or even into the 
veins  on  the  opposite  sides  of  the  body.  Of  course  this  does  not 
insure a constant separation of the two, for doubtless both substances 
could be taken up by the same cells even though they were injected 
at different times, and under such circumstances they might conjugate 
in  vivo intracellularly.  Nevertheless,  the  synergic  action  of  toxin 
and  lens  seems  to  be  of  a  somewhat  different nature  from  that  of 
Schlepper  and lipoid, for in the latter case some physical or chemical 
combination of the two agents outside the body is requisite. 
The  inflammatory  focus  might  be  considered  an  important  ele- 
ment,  both from the  standpoint  of impeding  the  rate  at  which  the 
lens is fed into the body juices, and from that of a  focal stimulation HOMER  F.  SWIFT  AND  MARK  P.  SCHULTZ  723 
of cells which are especially adapted to the production of antibodies. 
The process of inflammation is accompanied by the local stimulation 
of resting mesenchymal cells of a  type that are considered as being 
active in  forming antibodies.  It  seems logical  to  assume  that  the 
more of these cells there are  available,  the  greater the  subsequent 
antibody  production.  These  cells  might  be  rendered more  active 
either directly by the stimulating power of the toxin,  or indirectly 
by the poisoned tissue, for, as has often been suggestedl this diseased 
tissue  may act  antigenically in  an  entirely different manner from 
normal tissue.  Repeated insults doubtless act cumulatively so that 
cells far distant from the focus are more and more called into action. 
This  was  well  illustrated  by  the  enormously increased  cutaneous 
sensitivity after the 10th to  14th days. 
Finally, there is reason to believe that the stimulating action of the 
toxin  was  exerted  not  only  locally  but  systemically,  because  the 
doses employed, although small, were close to  those that not infre- 
quently proved lethal to susceptible animals.  Histological examina- 
tion of their tissues showed a severe grade of poisoning, at times with 
early inflammatory reactions.  Because many animals surviving the 
treatment had anorexia and diarrhea, as well as general signs of intoxi- 
cation, it is probable that their tissues were irritated to a  somewhat 
lesser degree.  For  this  reason it  seems likely that  both  focal and 
general factors played a part in the synergic effect of the two antigens. 
SUMMARY 
The degree of immunization and sensitization of rabbits following 
injections of beef lens is  markedly increased when the animals are 
under the influence of staphylotoxin.  Since the effect of the latter 
is exerted when the two substances are introduced separately into the 
same tissues with several hours elapsing between injections, or into 
different veins,  it  appears  that  an  intimate  association  of  them is 
unnecessary.  A  stimulating  action  of  the  toxin  on  the  antibody- 
forming cells is a  more probable  explanation of the phenomena ob- 
served.  Animals actively immune to staphylotoxin fail to show any 
synergic effect of this toxin when introduced with beef lens.  Neu- 
tralization of the toxin in vitro,  on the other hand, fails to eliminate 
this stimulating effect. 724  STUDIES IN  SYNERGY 
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